Introduction: Bacterial contamination of the temporomandibular joint (TMJ) by needle penetration of the skin has previously been discussed as a contributing factor in joint arthritis. The purpose of this study was to investigate the presence of bacterial deoxyribonucleic acid (DNA) in synovial fluid, and to detect any possible iatrogenic contamination during arthrocentesis of the TMJ in patients with juvenile idiopathic arthritis and rheumatoid arthritis. Method: Synovial fluid (SF) and skin swab samples (before and after disinfection) were collected from 54 TMJs in 30 patients with TMJ arthritis. Bacterial detection and classification was performed using 16S rRNA pyrosequencing. Results: Bacterial DNA was detected in 31 joints (57%) in 19 patients (63%). In six 12 joints (20%) in six patients specific bacterial species were detected in both skin samples and in the TMJ, indicating a possible contamination. 22 different bacterial species were detected in synovial fluid from these six patients. Conclusion: Bacterial DNA in TMJ SF with contamination was detected in 20% of the patients. Studies are needed to evaluate the consequences of potential contamination with bacterial DNA in SF with regard to arthrocentesis and treatment of TMJ arthritis.
Introduction
Synovial fluid (SF) contains hyaluronic acid and interstitial fluid filtered from blood plasma and was previously believed to be aseptic. Fourteen different bacterial species were detected in the temporomandibular joint (TMJ) SF in a previously published study in children with juvenile idiopathic arthritis and adults with rheumatoid arthritis 1 . Studies on large joints, have detected Salmonella spp., Shigella spp., Mycobacterium tuberculosis and Campylobacter spp. in patients with juvenile onset spondylo-arthropathologies 2 . Other studies have detected Borrelia burgdorferi 3 and Yersinia spp. 4 With regard to the TMJ, a small joint, studies have detected bacteria in SF in healthy TMJs, and TMJs with disc displacement and the non-healthy joints have a higher prevalence of bacterial presence and Staphylococcus aureus, in particular 5 . Other researchers have detected bacteria only in TMJ SF from temporomandibular disorder (TMD) patients, while the healthy joints have been found to be aseptic 6 . The invasion of bacteria into the joint space has been reported to occur via direct spread from a contiguous site of infection 7, 8 and by haematogenous spread 7 . The etiology of TMJ arthritis in Juvenile Idiopathic Arthritis (JIA) and Rheumatoid Arthritis (RA) is not fully understood and several studies have been performed to locate a factor that triggers inflammation. Theoretically, bacteria may adhere to the needle and, thus, may contaminate the TMJ during an arthrocentesis.
The purpose of this study was to detect any possible iatrogenic contamination during arthrocentesis of the TMJ as a treatment for arthritis in JIA and RA.
Materials and methods
Subjects SF was collected from the TMJs of 30 patients (54 joints) with JIA (20 children) and RA (10 adults). None of the patients had any previous TMJ surgery. Six adults had previous TMJ injections, but not within 6 months prior to the SF collection.
The Regional Medical Ethical Committee, East, Norway (S06269a), approved this prospective clinical trial of arthrocentesis of the TMJ in patients with JIA and RA.
Sample collection
Samples were collected from the TMJ using a push and pull technique previously used by Alstergren et al 9 . Ultrasound guided sampling of the TMJ SF was performed after prior disinfection of the skin in a 3 cm area surrounding the penetration site, consisting of five washes with chlorhexidine-ethanol 5 mg/mL solution (Klorhexidinsprit 5 mg/mL, Fresenius Kabi, Norway) according to the recommendations of Oslo University Hospital, Norway. Skin swabs were taken from disinfected skin and non-disinfected skin in the puncture area prior to sampling, using a sterile Whatman â Omniswab TM (GE Healthcare, USA). All samples were immediately frozen at -80°C.
DNA isolation, PCR amplification and sequencing
Extraction of genomic DNA was performed using the Masterpure Complete DNA Purification Kit 
Amplicons were gel purified (GenElute, Sigma NA1111) and re-sequenced with fusion primers, Roche 454 FLX adaptor primers, 8-base barcode in front of E334F, reverse adaptor primer (B) fusion with E939, Ampure bead purification (Agencourt's AMPureXP beads, A63880) of fusion PCR products and quality check by Agilent Bioanalyzer high sensitivity chip (Agilent High Sensitivity DNA cat no: 5067-4627).
Amplicons were sequenced at the GS-FLX 454 sequencer at the Norwegian Sequencing Centre (NSC), Centre for Ecological and Evolutionary Synthesis (CEES), University of Oslo, Norway. Sequences (reads) were edited by using RDP pipeline 11 and Mothur
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. Chimera uchime 13 and reference 16S rRNA (www.arb-silva.de) was used before trimmed fasta sequences were blasted by using the Bioportal at University of Oslo 14 . MEGAN (Center for Bioinformatics ZBIT, T€ ubingen University, Germany) was used to visualize the clustering and taxonomy of the samples.
Results
Clinical data for the six patients (12 TMJs) with bacterial contamination is presented in Table 1 . Data for the twenty-four patients (42 TMJs) without contamination (16S rRNA gene fragments were still detected in 19 TMJs in 13 of these patients) have previously been published 1, 15, 16 . No significant differences were found when comparing clinical data with and without contamination. Patients with contaminated TMJs represented no specific group with regard to age, gender, pain or function.
Each bacterial species detected in the TMJ SF is presented in Table 2 as a proportion (%) of the total of bacteria detected. The most frequent bacterial species in the SF and in skin samples before and after disinfection were Pseudomonas fluorescens and Streptococci spp. in children and adolescents with JIA, while the most frequent bacteria in adults were Propionibacteria spp., Pseudomonas spp., Streptococci spp. and Corynebateria spp. In all, 22 different bacterial species were detected in the SF.
Discussion
The invasion of bacteria into the joint space has been reported to occur via direct spread from a contiguous site of infection 6, 7 and by haematogenous spread 6 . Haematogenous spread is possible due to the highly vascular synovial membrane of the joint, which lacks a limiting basement membrane. A third possibility is contamination from skin into the joint during open TMJ surgery and during arthrocentesis and injections. This study demonstrates the possibility of contaminating the temporomandibular joint with bacterial DNA by arthrocentesis, despite a thorough disinfection procedure of the overlying skin using Chlorhexidine ethanol.
In all, 22 different bacterial species were detected in the SF. This represents a higher bacterial diversity than previously reported in a comparable group of patients without contamination 1 . Chlorhexidine gluconate kills a range of Gram-positive and Gramnegative bacteria, viruses and fungi, and binds to the top layer of the skin, which results in persistent activity 17, 18 . DNA fragments may still be available for PCR detection, and bacterial resistance to Chlorhexidine must also be considered. Alcohol kills a range of Gram-positive and Gramnegative bacteria and many viruses and fungi. It kills more quickly than chlorhexidine gluconate or povidone iodine, but has little residual effect 17 . In some comparisons of the two antiseptics (chlorhexidine gluconate and iodophors) when used as preoperative hand scrubs and for disinfection of a surgical field, chlorhexidine gluconate achieved greater reductions in skin microflora than did povidone-iodine and also had greater residual activity after a single application 19 .
A concern with the push-pull technique 1, 9 is that some washing solution persists in the joint and may cause transient symptoms and functional problems. This washing solution may be contaminated, which could lead to the detection of bacterial DNA in the SF. Samples of the actual washing solution were tested with the same PCR-technique and no bacterial DNA was detected.
Previous studies have indicated bacterial DNA and bacterial cell wall structures as a possible initiating or contributing factor to joint disease 8, 20 , and an increase in TNF-a and IL-6 has previously been associated with the presence of Chlamydia trachomatis in tissue samples from the TMJ 21 . The release of proinflammatory cytokines can be stimulated in joints by bacterial cell wall peptidoglycan polysaccharide, as has been demonstrated in an animal model 7 .
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Specific bacterial DNA may also stimulate the production of possibly specific cytokines and bone markers.
Bacteria may stimulate pain, possibly as a protective mechanism. In a study by Chiu et al.
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, bacteria were shown to modify the immune response by directly stimulating nociceptors. The role of bacterial DNA in the development of joint arthritis remains uncertain, and bacterial DNA in the joints may induce symptoms and may promote the development of joint pathology.
To avoid this, one should always consider the possibility of contamination and take the necessary precautions to assure a disinfected entry needle site.
One might speculate that contamination of the TMJ during arthrocentesis or other types of injection may cause arthritis by itself or worsen an already existing arthritis.
Possibly, the use of a laser may aid in removing bacterial DNA from the penetrating site of the skin but both new disinfection techniques and further studies are needed.
In conclusion, bacteria from the skin may contaminate the joints during arthrocentesis. In our study, bacterial DNA was detected in the SF of the TMJ in 20% of the patients due to contamination. Studies are needed to evaluate the consequences of this bacterial DNA in SF with regard to TMJ arthritis.
